The aim of this study was an evaluation of the effects of two species of coagulase negative staphylococci (CNS), Staphylococcus xylosus and Staphylococcus warneri, on the changes in technological parameters of cows' milk. The study was conducted in a herd of Slovak Pied cattle breed (with share of HF blood). Based on the performance results from three subsequent months, cows in the 2 nd and 3 rd lactation with SCC up to 200 thousand/ml (8 heads, 32 quarters), and above 800 thousand/ml (8 heads, 32 quarters), after the 4 th month of lactation, were selected. The samples were subjected to microbiological analysis, total bacteria count, somatic cell count; basic milk composition and physicochemical properties were also examined. The research has found the impact of bacterial infection on the increasing (p<0.05) of the number of somatic cells and a decrease (p<0.01) in protein levels in milk due to both types of staphylococci. There was a significant (p<0.05) reduction in C8: 0, C10: 0 and the total amount of saturated fatty acids in the milk of the infected cows in comparison to the healthy ones. The research also revealed higher (p<0.01) levels of C14: 0 and C20: 1 in milk from the healthy cows.
Introduction
Mastitis is the inflammatory reaction of the udder to invading pathogens which can be attributed to both clinical and subclinical forms of the disease -the most frequent and costly disease in dairy cattle (Halasa et al. 2007) . Mastitis may be a result of an infection with various bacteria species, but Streptococcus and Staphylococcus strains are the main causes (Lidiane et al. 2012) . Several bacterial species are considered major mastitis pathogens, including Staphylococcus aureus, Streptococcus agalactiae, resp. Streptococcus uberis and Escherichia coli. In recent years, the significance of CNS as causative agents of bovine subclinical mastitis has been well recognized ).
According to Awale et al. (2012) , CNS is the most prevalent cause of subclinical mastitis. Cervinkova et al. (2013) reported that a total of 669 individual cow milk samples originating from asymptomatic cows from 16 dairy farms in the Czech Republic were examined for the presence of microorganisms with the potential to cause mastitis. Coagulase-negative staphylococci clearly predominated (53.5% of positive samples) followed by streptococci and enterococci (both occurring in 16.1% of samples). In Finland, CNS were most frequently isolated from cows with mastitis, with the occurrence of CNS mastitis in 17% of examined quarters and above 50% in quarters with positive bacteriological findings (Kaliwal et al. 2011) . In Norway, CNS were isolated from 3% of examined and 14% of bacteriologically positive quarters (Østerås et al. 2006) . In one German study carried out in 80 herds of dairy cows, CNS were isolated from 9% to 35% of quarters (Tenhagen et al. 2006) . Lim et al. (2007) recorded cases of CNS causing intramammary infections in dairy cows during the dry period. Vasil et al. (2012) reported that from of mastitis of dairy cows were recorded in Slovakia, around 17 species of staphylococci.
In their work, Sawant et al. (2009) reported that the most common species of CNS isolated from the samples of cows' milk and the surface of the mammary glands were: S. epidermidis, S. chromogenes, S. simulans, S. hyicus, S. xylosus and S. warneri. Their role as main pathogens in subclinical mastitis was revealed in several countries (Tenhagen et al. 2006 , Lim et al. 2007 , Bochniarz et al. 2013 .
Turkyilmaz and Kaya (2006) conducted a study which comprised 180 Staphylococcus spp. bacteria and concluded that CNS may be just as dangerous to animals as coagulase positive bacteria (S. aureus, S. hyicus and S. intermedius) . Asymptomatic mastitis and the production of biofilm by some CNS species are important aspects of the long-term existence of CNS repositories in the body (Taponen et al. 2006 , Rumi et al. 2013 , Seixas et al. 2015 .
Subclinical mastitis is the prevailing form of mastitis among cows, sheep and goats worldwide. The effect of CNS on milk yield (MY) is relatively minor, most likely due to compensation effect by the uninfected glands at the whole-cow level. However, the effect of ConS-induced subclinical mastitis on the quality of milk used for cheese production is significant and is reflected at the whole-cow level (Leitner et al. 2006, Pyörälä and .
In milking ruminants with healthy udders, the content of protein, fat, carbohydrates, the share of protein fractions (including caseins) are the factors influencing biological and technological milk properties. These are determined both by genetic and environmental factors (Barłowska et al. 2012 , Pecka et al. 2013 .
Mastitis is accompanied by an increase in somatic cell count and by altering protein composition and the concentration of salts and lactose it may affect milk composition and its physicochemical and manufacturing properties, (Le Roux et al. 2003 , Santos et al. 2004 .
The aim of this study was to evaluate the effect of two coagulase negative species, Staphylococcus xylosus and Staphylococcus warneri, on the changes in technological parameters of cows' milk.
Materials and Methods
The study was conducted in a herd of Slovak Pied cattle breed (with a share of HF blood). The animals were housed in a free-stall system, and the basis of the cows' feed was TMR complete mixture. Their diet was formulated according to international standards (NRC, 2001) . Milk samples were collected during milk yeld control from three subsequent months; cows in the 2 nd and 3 rd lactation with SCC up to 200 thousand/ml (8 heads, 32 quarters), and above 800 thousand/ml (8 heads, 32 quarters), after the 4 th month of lactation, were selected. Milk samples were collected from selected animals from the quarter milking during evening milking into sterile containers, and they were transported to the laboratory at a temperature of 4 o C. Before milk collection, the udder was disinfected with 70% ethanol. Examined milk features were analyzed depending on the presence of coagulase negative staphylococci species. During the study all the animals were supervised by veterinarians. They had no symptoms of disease.
Microbiological examinations
The obtained samples were subjected to microbiological examinations in order to determine the level of bacterial infection, and to distinguish the samples infected with Staphylococcus xylosus and Staphylococcus warneri, as well as non-infected samples. The following methodology was used: all isolates were characterized by classic microbiological methods, by primo-cultivation on 5% blood agar and consistent cultivation on specific cultivation media. Based on the colony morphology, Staphylococcus spp. bacteria were selected for the tube coagulase test (Staphylo PK, Imuna-Pharm, Slovakia). Suspect coagulase negative colonies isolated from clinical cases of cows' mastitis (acute, subacute) were identified by two different methods: determining biochemical enzymatic properties of bacteria by STAPHYtest 24, with the TNW 7.0 identifying programme (Erba-Lachema, Brno, Czech Republic) whose precision of detection is over 90.0%, and determining proteins spectrum with a Maldi-Biotyper (Bruker, USA) -scores in the range of 2.300-3.000 provide highly probable species identification. For the control of identification methods strains of Staphylococcus xylosus CCM 2738 and Staphylococcus warneri CCM 3730 obtained from the Czech Collection of Microorganisms were used (CCM, Masaryk University, Brno, Czech Republic).
Analysis of physicochemical features of milk
The content of fat, total protein, lactose and dry matter was determined in each sample using an Infrared Milk Analyzer 150 (Bentley Instruments Inc., Minnesota, USA). Somatic cell count (SCC) was analyzed using a Somacount 150 apparatus (Bentley Instruments Inc., Minnesota, USA), while total bacteria count (TBC CFU) was determined by cytometric method using a Bactocount 70 analyzer (Bentley Instruments Inc., Minnesota, USA). Active acidity was estimeted using a Level2 pH-meter (Hauptstz, Germany) according to the PN-A-86122standard, and potential acidity by the Soxhlet-Henkel method, the level of milk resistance on a Dramiński apparatus, density on a DMA 35N Density Meter (Montreal, Kanada), casein content using Walker's method according to PN-68/A-86122,1985 standard and while urea content on a CHEMSPEC (Ohio, USA) apparatus.
Protein fractions share
The share of protein fractions in the obtained samples was determined using Laemml's electrophoresis (1970) on polyacrylamide gel in the presence of sodium dodecyl sulfate (SDS) according to the methodology described by Pecka et al. (2012) .
Fatty acids profile
Fat present in the examined milk was extracted using Folch's method (Christie and William 1973) . Methyl esters of fatty acids were obtained according to the method presented by Christopherson and Glass (1969) . The fatty acids profile in obtained samples was determined using an Agilent Technologies 7890A gas chromatograph (California, USA) with FID detector. The identification of obtained fatty acids peaks was conducted by their comparison with retention times of fatty acids methyl esters standards (Sigma Aldrich).
Statistical analysis
The results of the study were elaborated statistically using one-factor analysis of variance ANOVA in Statistica 10.0 software. Significant differences were determined using Duncan's test. Significance was declared at p<0.05, p<0.01 and differences between means with 0.05<p<0.10 were accepted as representing tendencies.
Results
In the resulting trials (n=64), the presence of Staphylococcus xylosus (n=16) and Staphylococcus warneri (n=14) was observed. Most examinations of milk gave negative results (n=26). The effect of bacterial infection on the increase (p<0.05) in the level of somatic cells was determined (Table 1) . Samples of milk infected with S. xylosus were characterized by the highest levels of SCC. Both types of staphylococci had an influence on the decrease of (p<0.01) protein levels in milk. The lowest levels of protein, fat and dry matter as well as lowest level of caseins were obtained in trials where S. warneri were identified. There was no statistically significant impact of the presence of bacteria on the level of lactose in milk. The content of this sugar in each group was detected at approximately the same level. There was a slight increase in the level of urea in the infected milk in comparison to uninfected milk.
The premium protein fraction of healthy cows' milk differed slightly from the milk of the cows infected with S. xylosus and S. warneri (Table 2 ): in the milk of the infected cows, part h-casein was higher. The content of the IgG1 was similarly higher in the milk infected by S. xylosus: this fraction increased about 1.7%, and in the group of S. warneri it increased by about 0.7% compared to the uninfected milk. Compared to the milk of the healthy cows, the milk infected with S. warneri contained lower levels of β-casein, α-lactoalbumin, serum albumin and higher κ-casein. The values of these fractions detected in the milk infected with S. xylosus were slightly different: the levels of κ-casein and serum albumin were lower, while the content of α-lactoalbumin was higher. The differences between groups of samples were not significant.
The impact of infections (p<0.05) on pH value was reported in the analyzed trials (Table 3 ). The highest pH value was detected in the S. xylosus infection and the lowest in S. warneri. The value of SH was inversely proportional to the pH value. Differences in density between the infected milk and the milk of healthy cows were observed, while resistance was lower in the milk of cows infected by Staphylococcus spp.
There was a significant (p<0.05) reduction in the share of C8: 0, C10: 0 and the total amount of saturated fatty acids in the milk of the infected cows in comparison with the healthy animals (Table 4) . Also, higher (p<0.01) levels of C14: 0 and C20: 1 in milk from the healthy cows were reported. Part of C17: 1, C20: 1, C18: 0 C18: 1n7t was at a higher level, and premium C6: 0; C18: 2n6c was lower compared to the milk of cows infected with S. xylosus and S warneri. In the milk from the healthy cows, EPA content was higher (p<0.05) with about 0.02-0.03 g/100 g of fat in relation to trials involving the milk of infected animals. Participation of C20: 4n6 in control milk remained at 0.59 g/100 g of fat whereas in the milk of cows infected with S. xylosus, and S. warneri acid content was lower by as much as 0.48 g/100 g and 0.18 g/100 g of fat. The inverse relationship was noted in acid C18: 2n6t, and the growth in S. xylosus 0.66 g/100 g and S. warneri 0.83 g/100 g in relation to milk from the healthy cows.
Discussion
An increase in the number of pathogenic bacteria in milk is accompanied by a higher somatic cell count, which is considered as a determinant of cow mammary gland health (Harmon 2001 , Santos et al. 2004 , Lidiane et al. 2012 , Bortolami et al. 2015 . These results are consistent with those obtained in our study. We found that the bacterial infection significantly increased the level of somatic cells (p<0.05).
In their work, Coulon et al. (2002) note that Staphylococci were the most frequently isolated germs (Staphylococcus aureus: 27%, CNS: 26%, Streptococci: 21%). Major milk pathogens (Staphylococcus aureus, Streptococcus uberis or Escherichia coli) associated with clinical signs of mastitis were accompanied by higher SCC (+1.6 log · ml -1 , p<0.01), lower lactose concentration (-7.6 g · kg -1 , p<0.01) and higher protein concentration (+3.3 g · kg -1 , p<0.01); hence a sharp decrease in the casein/protein ratio (-10 percentage points, p<0.01). While CNS slightly reduced lactose concentration (-1.8 g · kg -1 ), they also increased SCC (+0.37 log · ml ). This study demonstrated the decreasing effect of S. xylosus and S. warneri on the protein and dry matter levels and no effects on lactose and fat levels, which may suggest the negative effect the bacteria have on these milk parameters.
Malek dos Reis et al. (2013) as well as other authors state that subclinical mastitis reduced lactose, nonfat solids and total solids content, but no difference was found in the protein and fat content between infected and uninfected quarters. Seasonality influenced milk composition both in mammary quarters and composite milk samples. Leitner et al. (2011) add that casein-derived peptides serve as negative-feedback control of milk secretion by limit-ing lactose secretion also involved in impeding casein coagulation.
The variation in biochemical composition and technological properties of milk and dairy products has several origins: animal diet, genetic factors and milk cold storage (Le Roux et al. 2003) . Milk composition is also known to be highly dependent on the animals' health status, especially on mammary gland health (Ogola et al. 2007) . Milk fat and protein rates are modified by bacterial intramammary infections (IMI) (Seegers et al. 2003) . It is also known that negative energy balance and protein imbalances decrease the animal immune defense. Disturbance in the metabolism may lead to the accumulation of fat in the liver, decreasing the functional capacity of the immune system, favoring the onset of mastitis (Pyörälä 2008) . Urea level in cows' milk mainly depends on their nutrition (Godden et al. 2001 , Lehloenya et al. 2008 . Other authors did not observe an effect of somatic cell count, and thus mammary gland status, or on milk urea level (Henao-Velásquez et al. 2014) . Mammary gland inflammation, caused by CNS can cause financial losses not only as concerns milk production, but milk quality as well. In milk samples examined in this study, bacterial infection resulted in an increase in urea share.
Milk protein substances include whey proteins and αs 1 , αs 2 , β, κ and γ-casein proteins. From the technological point of view, the most desirable is milk with a high content of κ-casein, due to its improved technological parameters and processing usefulness (Varhimo et al. 2011 , Pecka et al. 2013 . A greater permeability of blood-milk barrier during the inflammation results in an easier transfer of serum proteins and blood enzymes, which may lead to an increased proteolysis of milk proteins (Forsbáck et al. 2010) . Proteolysis of caseins in milk related to bacterial infections leads to a decrease in the share of α-and β-casein (Leitner et al. 2006 , Hamed al. 2012 ). The results obtained in this study also correspond well with the studies of other authors who noted a positive relationship between casein level in milk and CNS (Coulon et al. 2002) .
A reduction in serum albumin content in the samples infected with S. xylosus and S. warneri was noted, which confirms an earlier study which demonstrated a decrease in serum albumin level with SCC increase (Zielak-Steciwko et al. 2014 ). But Coulon et al. (2002) demonstrated that CNS infections are responsible for an increase in IgG in the udder from 0.60 to 0.64 g/kg and they also caused an increase in the share of serum albumin from 0.17 to 0.19 g/kg. Our results are consistent only with those concerning IgG1; the value of the share of serum albumin in our study was reduced.
The results of this study suggest that the mastitis caused by S. xylosus and S. warneri affects the composition of milk. Pyöräl (2003) accounts for the possible differneces. It apparent that the degree of change depends on the severity of the inflammatory response, the amount of the affected tissue of the mammary glands and the pathogenicity and the virulence factors of the bacteria.
The value of pH should be in the range from 6.6 to 6.8 (Batavani et al. 2007 , Fulya 2011 . Milk density is a resultant of the components contained in it, and ranges from 1.023 to 1.040 g/dm 3 (Park et al. 2007 ). Similar parameters were obtained in the present study.
The results of our earlier research on milk showed no effect of Streptococcus uberis on density, resistance and SH value (Pecka-Kiełb et al. 2016 ). There was also no effect of bacterial infection with Staphylococcus xylosus and Staphylococcus warneri on the density, resistance and SH milk. Consequently, subclinical mastitis affects the synthesis process of cow fatty acids and changes the composition of fatty acids. Mammary gland secretion derived from cows in a subclinical inflammation state is characterized by a reduced share of long-chain unsaturated fatty acids and an increased content of saturated acids (Chang et al. 2011) . Increased levels of the majority of functional FAs and FA groups, and higher values of their ratios were noted in milk containing more than 400,000 somatic cells per ml, which could be indicative of mastitis (Sobczuk-Szul et al. 2015) . Our research showed only changes in EPA and C20:1. The levels of these acids in milk coming from infected cows were lower.
Conclusion
In this study the effects of two species of CNS on the changes in technological parameters of cows' milk were studied. The results demonstrated the decreasing effect of S. xylosus and S. warneri infection on the level of protein and dry matter, and no effects on lactose and fat, which may be evidence of the negative effect of these bacteria on the aforementioned milk parameters. In this study we found that the bacteria causing subclinical mastitis increased the level of somatic cells and that the urea share was subject to an increase affected by the bacterial infection.
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